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SUMMARY 


The  purpose  of  this  document  is  to  identify  short-lead-time, 
"paint  and  pliers"-type  improvements  for  Route  9  through  the  com- 
munities of  Wellesley,  Natick,  Framingham  and  Southborough .  The 
motivation  for  developing  this  early-output  report  stems  from 
recognition  of  the  long  time  frame  normally  associated  with  prep- 
aration of  a  corridor  planning  study.     Since  useful  information 
is  generated  each  step  along  the  way,  CTPS  was  directed  to  pre- 
pare the  study  in  two  phases,  a  short-range  element  and  a  long- 
range.     Each  would  conclude  with  the  preparation  of  a  final 
document.     This  document  represents  the  completion  of  the  short- 
range  effort. 

This  short-range  element  focused  on  an  analysis  of  the  Route  9 
corridor  in  terms  of  safety  and  congestion.     Given  that 
immediate-action  improvement  plans  could  not  involve  right-of-way 
acquisition  or  major  construction,   interchanges  were  not  reviewed 
from  the  congestion  perspective,  as  corrective  measures  would 
require  reconstruction.     This  Phase  I  effort  therefore  con- 
centrated heavily  on  the  at-grade  intersections. 

The  results  of  the  short-range  analysis  showed  that  many  of  the 
signalized  intersections  in  the  corridor  have  signal  timings 
which  are  outdated.     In  addition,  much  of  the  signal  equipment  is 
in  need  of  repair. 

The  short-lead-time  recommendations  include:     retiming  each  of 
the  traffic  signals  in  the  corridor;   installation  of  a  new  coor- 
dinated signal  system  in  the  Shopper's  Wor ld/Nat ick  Mall  area; 
new  signal  equipment  for  the  Route  9/Prospect  Street  intersection 
in  Framingham;  a  coordinated s ignal  system  which  would  connect  Oak 
Street  in  Natick  and  Overbrook  Road  in  Wellesley,  along  with 
replacement  of  the  existing  equipment  at  both  of  these  intersec- 
tions; new  signal  equipment  for  the  intersection  of  Route  9  and 
Old  Worcester  Road  in  Wellesley  (this  intersection  should  be 
coordinated  with  the  signal  at  Route  9/0akland  Street);  and  lane- 
utilization  re-striping  at  the  MDPW  maintenance  depot  and  at 
Overbrook  Road,  both  in  Wellesley,   in  the  Shopper's  World/Nat ick 
Mall  area,  and  at  the  Prospect  Street  and  Country  Club  Lane 
intersections  in  Framingham. 

Implementation  of  the  improvements  suggested  in  this  document 
would  result  in  a  significant  improvement  in  traffic  flow,  except 
at  the  Route  9/Temple  Street  intersection.     This  intersection  is 
operating  well  beyond  its  safe  capacity,  and  no  improvement  was 
found  that  could  be  made  within  the  existing  right-of-way. 
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1  INTRODUCTION 


1.1  BACKGROUND 

The  purpose  of  this  document  is  to  identify  short-lead- time 
transportation  improvements  for  Route  9  from  Route  128  in 
Wellesley  to  Route  1-495  in  Southborough .     These  transportation 
improvements  are  only  one  aspect  of  this  study.     Major  transpor- 
tation improvements  which  accommodate  future  population  and 
employment  growth  will  also  be  identified  as  the  study  continues. 
The  analysis,  to  be  completed  over  a  2-year  period,  will  cover 
the  entire  Route  9  corridor  between  Route  128  in  Wellesley  and 
1-290  in  Worcester.     The  Central  Massachusetts  Regional  Planning 
Commission  (CMRPC)   is  responsible  for  the  western  segment  between 
1-290  and  1-495. 

When  this  study  was  announced  by  the  Executive  Office  of 
Transportation  and  Construction  (EOTC)  and  the  Massachusetts 
Department  of  Public  Works   (MDPW) ,   it  was  divided  into  two 
phases,  a  short-range  element  and  a  long-range.     The  intent  of 
this  approach  was  to  provide  a  quick-output  document  which  would 
identify  "paint  and  pliers"  improvements  that  would  be  imple- 
mented almost  immediately  and  would  help  alleviate  some  of  the 
problems.     This  approach  to  the  study  is  unique;   it  recognizes 
the  lengthy  time  frame  required  to  complete  large  corridor 
planning  studies. 

The  time  frame  for  this  study  calls  for  a  short-range  plan  to  be 
completed  9  months  after  the  study  begins.     The  plan  will  include 
such  improvements  as  signal  retiming,  signal  upgrading  or  re- 
placement,  signal  coordination,  and  re-striping  of  travel  lanes, 
and  will  review  possible  use  of  the  breakdown  lane  as  a  travel 
lane  at  congested  intersections. 

The  long-range  element  is  to  be  completed  15  months  after  release 
of  the  short-range  element.     This  long-range  element  will  take 
into  consideration  the  land-use  changes  that  are  expected  to 
occur  and  forecast  how  these  changes  will  affect  traffic  flow. 
Based  on  these  projections,  the  report  will  recommend  transporta- 
tion improvements  that  will  satisfy  the  expected  demand,  such  as 
intersection  grade  separation,  widening  of  travel  ways,  and 
upgrading  of  existing  state  highways.     The  long-range  study  will 
identify  transit  markets  and  ways  in  which  to  promote  transit, 
and  explore  the  feasibility  of  constructing  new  roadways  or 
improving  access  with  existing  major  facilities. 
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Transportat ion  is  not  the  only  issue  that  is  being  considered  by 
this  study.     Both  the  CMRPC  and  the  Metropolitan  Area  Planning 
Council   ( MAPC )  are  developing  a  detailed  land-use  inventory  of 
the  area.     Along  with  increasing  the  reliability  of  the  travel 
forecasts  this  land-use  inventory  will  aid  in  the  identification 
of  zoning  changes  and  by-law  amendments.     Recognizing  that  many 
of  the  traffic  problems  in  the  area  are  the  result  of  the  lack  of 
adequate  land-use  contols  or  of  implementation  of  these  controls, 
the  land-use  aspects  of  this  study  are  considered  to  be  just  as 
important  as  the  transportation  component.     It  is  also  hoped  that 
by  conducting  a  land-use  inventory/analysis  simultaneously  with 
the  traffic  study,   more  meaningful  transportation  improvements 
can  be  identified  and  the  lead  time  for  their  implementation 
minimized.     The  land-use  element  of  this  study  will  also  be 
undertaken  in  two  phases,  with  MAPC  and  CMRPC  each  responsible 
for  preparing  reports. 


1 . 2     STUDY-AREA  DEFINITION 

Most  corridor  planning  studies  cover  two  geographies.     A  core 
study  area  is  identified  on  which  the  study  will  concentrate.  A 
second  area  is  identified  which  defines  those  communities  which 
influence  or  are  influenced  by  changes  in  the  core  area.  For 
this  study  the  core  area  was  defined  as  including  the  communities 
of  Wellesley,  Natick,  Framingham  and  Southborough .     Both  the  core 
area  and  the  area  of  influence  are  shown  in  Figure  1-1. 


1 . 3     PROCEDURES  AND  ANALYSIS  TECHNIQUES 

The  analysis  process  for  this  study  followed  the  traditional 
problem- ident i f icat ion  phases  of  a  corridor  planning  study.  The 
first  phase  of  the  analysis  consisted  of  a  preliminary  screening 
of  the  intersections  in  the  corridor  to  identify  those  for  which 
a  detailed  analysis  should  be  conducted.     The  first  step  of  the 
screening  consisted  of  collecting  travel-time  and  average-travel- 
speed  data  for  Route  9.     Based  on  this  data,  areas  of  consider- 
able decreases  in  travel  speed  were  highlighted  for  the  detailed 
analysis.     Next,   locations  were  highlighted  which  had  a  high 
accident  frequency.     Traffic-count  data  were  then  collected  for 
each  of  the  locations  identified  by  the  travel-time  analysis  or 
the  accident  analysis.     Data  were  collected  for  all  signalized 
intersections,   regardless  of  how  they  fared  in  the  travel-time  or 
accident  analysis. 

For  the  Phase  I  effort,  grade-separated  interchanges  of  Route  9 
with  other  major  highways  were  not  analyzed  since  improvements  to 
these  could  not  be  completed  in  a  short  lead  time  and  are  more 
appropriate  for  the  Phase  II  analysis. 
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Once  the  preliminary  screening  was  completed,   the  identified 
problem  areas  were  analyzed  in  detail  through  the  computation  of 
accident  rates  and  level  of  service.     The  accident-rate  analysis 
is  a  comparison  of  how  a  location  performs  when  compared  to  other 
similar  locations  which  serve  the  same  volume  of  traffic  in  the 
state.     If  the  location  had  more  accidents  than  the  average  loca- 
tion of  that  type,   it  was  considered  unsafe,  and  improvements 
were  identified. 

Level  of  service  (LOS)   is  a  term  which  has  been  established  to 
define  the  relationship  between  the  volume  of  traffic  on  the  road 
and  the  volume  of  traffic  which  the  road  can  safely  handle.  To 
aid  the  evaluation  process,  LOS  has  been  disaggregated  into  six 
categories,  A  through  F.     Like  grades  in  school,  A  is  the  best 
performance  level  and  F  is  the  worst.     Table  1-1     relates  LOS 
categories  to  operating  characteristics  for  intersections  and 
road  segments.     These  LOS  characteristics  were  extracted  from  the 
Highway  Capacity  Manual   (Transportation  Research  Board,  National 
Research  Council,   1985 )  .     This  text  was  also  the  source  of  the 
evaluation  equations  used  in  this  study. 

Also  of  concern  for  the  Phase  I  analysis  is  the  condition  of  the 
traffic-signal  equipment  in  the  corridor.     Since  the  Phase  I 
effort  was  intended  to  be  an  identification  of  short-range, 
immediate-action  projects,   it  would  be  inappropriate  to  recommend 
improvements  and  find  several  months  later  that  the  improvement 
could  not  be  put  in  place  with  existing  signal  equipment.  Equip- 
ment in  need  of  repair  or  replacement  was  identified  at  this 
time,   so  that  the  lead  time  to  implement  the  improvement  could  be 
kept  to  a  minimum. 

After  the  existing  conditions  were  analyzed,   improvements  for  the 
area  were  identified.     An  assessment  of  the  degree  of  improvement 
was  calculated  by  comparing  the  results  of  the  existing- 
conditions  analysis  with  those  of  an  analysis  with  the  improve- 
ment in  place. 
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2      PROBLEM  IDENTIFICATION 


2 . 1     QUALITY  OF  FLOW  AND  AVERAGE  TRAVEL  SPEED 

The  simplest  method  of  quickly  identifying  the  quality  of  travel 
through  a  corridor  is  to  collect  average- travel-speed  data.  For 
Route  9,   this  data  was  collected  by  driving  on  Route  9  in  both 
directions  between  Route  128  and  1-495  repeatedly  during  peak  and 
off-peak  periods  and  noting  the  time  each  major  intersection  was 
passed.     The  peak  periods  for  this  area,  based  on  traffic-count 
data,   are  7:00-9:00  AM  and  4:00-6:00  PM.     All  of  the  travel-speed 
data  were  collected  in  the  spring  of  1985. 

Plots  of  the  travel-speed  data  are  shown  in  Figures  2-1  through 
2-4.     As  expected,   the  two  worst  conditions  were  the  AM  peak 
period  eastbound  and  PM  peak  period  westbound.     Using  a  deficien- 
cies cut  off,   for  this  preliminary  screening,  of  level  of  service 
B  (average  travel  speed  of  28  m.p.h.),  Table  2-1  was  developed, 
which  highlights  areas  for  further  detailed  analysis.     The  cutoff 
of  B  was  chosen  rather  than  the  traditional  level  C  since  many  of 
the  roadway  segments  used  in  the  travel-time-data  collection  are 
long  and  tend  to  reduce  the  impact  of  a  congested  intersection. 

The  most  critical  locations  were  those  with  poor  operating  speeds 
in  three  out  of  the  four  time  periods/directions  analyzed.  These 
locations  were  Overbrook  Drive  in  Wellesley,  West  Road  and  Temple 
Street  in  Framingham,  and  Oak  Hill  Road  in  Southborough . 


2.2     ACCIDENT  ANALYSIS 

The  accident  rate  for  a  location  is  calculated  at  an  annual 
level.     For  intersections,   the  rate  is  a  function  of  the  annual 
number  of  accidents  divided  by  the  annual  traffic  volume  served. 
For  roadway  segments,   the  rate  is  a  function  of  the  two  variables 
above,  as  well  as  the  length  of  the  facility.     The  MDPW  maintains 
a  list  of  the  current  statewide  average  accident  rates.  These 
average  rates  are  used  as  a  benchmark  by  which  individual  loca- 
tions are  judged.     For  signalized  intersections,  the  rate  is  1.89 
accidents  per  million  vehicles  entering  annually.     For  unsignal- 
ized  intersection,   the  rate  is  0.95.     For  roadway  segments,  the 
MDPW  has  created  administrative  classifications  which  follow 
guidelines  established  by  the  Federal  Highway  Administration. 
The  boundaries  of  these  categories  were  established  primarily 
based  on  traffic  volumes  served.     The  accident  rates  for  road 
segments  have  been  defined  by  these  administrative  classifica- 
tions.    Route  9  is  in  the  primary  category,  which  has  an  average 
accident  rate  of  41.8  accidents  per  mile  of  roadway. 
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Period  of  Problem 


AM  Peak  Hour  PM  Peak  Hour 

Location   EB  WB  EB  WB 

Wellesley 

Oakland  *  * 

Overbrook  *  *  * 

Natick 

Oak  * 
Framingham 

West  Road1  *  *  * 

Route  126  * 
Prospect  *  * 

Temple  *  *  * 

Southborough 

Oak  Hill  *  *  * 


^West  Road 
from  East 


is  a  surrogate  for  all  intersections  and  driveways 
Road  to  Caldor's  Road. 


Route  9  CPS: 
Short-range  Element 

ROUTE   9   PROBLEM  INTERSECTIONS 
BASED  ON  TRAVEL-TIME  SURVEY 

CTPS 

TABLE 

2-1 

Technical  Report  54a 
January  1986 
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The  accident  data  reviewed  for  this  study  were  provided  by  the 
MDPW  and  Mass.   Registry  of  Motor  Vehicles,   and  by  local  police 
departments  in  each  of  the  four  core-area  communities.  However, 
the  summaries  provided  in  this  document  reflect  only  the  MDPW/ 
Registry  data.     The  MDPW/Registry  records  were  used  since  the 
statewide  accident-rate  figures  used  to  evaluate  Route  9  were 
derived  from  this  database.     Therefore,  any  comparisons  made 
would  be  meaningful.     Also,  comparisons  were  made  between  the 
MDPW  records  and  local  records.     In  most  areas,  the  numbers  were 
consistent.     Discrepancies  between  the  two  databases  are 
discussed  below. 

Of  interest  in  the  accident  review  is  that  this  analysis  was  only 
conducted  for  the  years  1980  and  1983.     There  are  no  records  for 
the  years  1981  and  1982  on  the  Registry  computer.     These  records 
were  not  entered  into  the  system  due  to  employee  layoffs  after 
the  passing  of  Proposition  2  1/2.     In  fact,  until  recently  there 
were  no  records  for  1983  either.     This  was  the  motivation  for  the 
CTPS  request  for  the  local  communities  to  provide  accident  data. 
The  Registry,   in  recognition  of  the  value  of  these  records,   is  in 
the  process  of  attempting  to  regain  the  ground  lost  during  the 
period  of  fiscal  constraint.     The  Registry  is  hopeful  that  it 
will  be  able  to  code  all  of  the  missing  years  into  the  computer 
system;  however,   this  task  was  not  completed  in  time  for  this 
study.     CTPS  felt  that,  with  the  availability  of  the  1983  data, 
it  was  more  important  to  maintain  consistency  between  the  acci- 
dent records  then  to  have  data  for  all  recent  years. 

The  Registry  accident-reporting  system  defines  an  accident  loca- 
tion by  street  and  cross-street,  and  by  a  grid  system  that 
divides  the  state  into  100-foot  squares.     Using  this  grid  system, 
accident  diagrams  were  developed  for  each  community  which 
illustrate  the  concentration  of  accidents  per  100-foot  segment  of 
Route  9  (see  Figures  2-5  through  2-8). 

Wellesley 

In  Wellesley,   the  highest  accident  location  was  the  intersection 
of  Route  9  and  Worcester  Road  (or  Washington  Street),   shown  in 
Figure  2-5  with  an  average  of  29.5  accidents  per  year   (note  that 
the  intersection  is  inclusive  of  Route  9  for  300'    in  either 
direction).     Other  areas  of  concern  include  the  Route  128 
interchange/MDPW  maintenance  depot,  Overbrook  Road,  Cedar  Street, 
Weston  Road  and  Westgate  Road/Oak  Street. 

For  both  the  Cedar  Street  and  Weston  Road  interchanges,  there 
were  no  traffic  counts  available,  and  therefore  accident  rates 
could  not  be  calculated  (recall  from  the  introduction  to  this 
report  that  little  analysis  would  be  undertaken  at  interchanges 
in  Phase  I  of  this  study) .     Accident  rates  for  the  remaining 
locations  are  as  follows: 
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Intersect  ion 


Accident  Rate 


MDPW  depot 


0.45 
0.35 
1.42 
0.52 
0.20 


Oakland  Street 
Worcester  Road 
Overbrook  Road 


Westgate  Road/Oak  Street 


Each  of  these  rates  is  below  the  statewide  average.     Looking  at 
Route  9  for  its  entire  length  through  Wellesley,   the  facility  has 
an  accident  rate  of  40.38  accidents  per  mile.     This  is  below  the 
statewide  average  of  41.8. 


In  Natick,   the  locations  with  the  highest  accident  frequency  were 
Oak  Street,   the  median  break  west  of  Oak  Street  near  the 
Hoffman's  Department  Store  and  McDonald's,  the  Route  27  inter- 
change,  the  Speen  Street  interchange,  Dean  Street,  and  East  Road. 
Both  Route  27  and  Speen  Street  were  not  studied.     However,  it 
should  be  noted  that  the  highest  concentration  of  accidents 
within  the  corridor  was  at  the  Speen  Street  interchange.  The 
Natick  Police  Department  also  indicated  to  CTPS  that  there  is  a 
high  concentration  of  accidents  on  the  ramps,  particularly  the 
ramp  in  the  northwest  corner  of  the  interchange,  which  connects 
the  Route  9  eastbound  U-turn  to  southbound  Speen  Street  and  Route 
9  westbound.     The  accident  rates  for  the  remaining  intersections 
are  as  follows: 


The  only  intersection  of  serious  concern  is  the  Hoffman's  median 
break,  which  had  an  accident  rate  of  1.15.     This  is  considerably 
higher  than  the  0.95  unsignalized  statewide  average.  This 
intersection  therefore  warrants  analysis  for  possible  safety 
improvements . 

Through  Natick,  the  rate  of  accidents  per  mile  of  roadway  was 
93.08,  which  is  more  than  double  the  statewide  average  of  41.8. 
The  high  density  of  driveways  and  major  intersections  in  the 
Natick  Mall/Sherwood  Plaza  area  in  conjunction  with  the  Speen 
Street  interchange  played  a  considerable  role  in  driving  the  rate 
to  such  a  high  level. 

Framingham 

Framingham  had  numerous  locations  with  a  high  frequency  of  acci- 
dents.    The  most  notable  were  the  Temple  Street/Route  9  inter- 
section and  the  West  Road/Route  9  intersection.     There  are,  on 


Natick 


Inter sect  ion 


Accident  Rate 


Oak  Street 
Dean  Street 
East  Road 

Hoffman's  Department  Store 


0.45 
1.17 
1. 12 
1.15 
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the  average,   19  accidents  per  year  within  the  intersection  at 
Temple  Street  and  40.5  per  year  inclusive  of  several  hundred  feet 
on  either  side  of  the  intersection.     This  is  the  highest  accident 
intersection  in  the  corridor.     Other  locations  in  Framingham  with 
high  accident  frequencies  are  Caldor's  Plaza  Road,  Route  126, 
Lockland  Avenue,   Prospect  Street,  Edgell  Road,  Country  Club  Lane, 
California  Avenue  and  Route  30.     A  further  analysis  of  the 
problems  at  Route  126,  Edgell  Road,  and  Route  30  was  not 
included . 

The  accident  problems  at  Lockland  were  not  analyzed,   since  the 
travel-time  runs  noted  that  traffic  backups  at  Prospect  Street 
extend  east,  well  beyond  Lockland.     CTPS  is  of  the  opinion  that 
the  high  accident  frequency  shown  to  occur  at  Lockland  is 
actually  traffic  waiting  for  the  Prospect  Street  traffic  light. 
These  accidents  were  therefore  included  in  the  calculations  for 
the  Prospect  Street  accident  rate. 

For  California  Avenue,   the  high  accident  frequency  listed  may  not 
be  a  problem  with  the  intersection.     There  do  not  appear  to  be 
any  geometric  problems  that  would  result  in  a  safety  problem,  and 
the  fact  that  the  intersection  is  only  for  westbound  Route  9 
would  indicate  that  many  of  the  accidents  are  associated  with 
driveways  on  the  eastbound  side  of  Route  9,  which  are  in  the  same 
100-foot  section  of  roadway  as  California.     The  accident  rates 
for  the  remaining  Framingham  intersections  are  as  follows: 


The  intersection  of  Temple  Street  and  Route  9  (in  terms  of  the 
total  number  of  accidents)  surfaces  as  the  worst  location  in  the 
corridor;  however,  its  accident  rate  is  only  equal  to  the  state- 
wide average.  Obviously,  the  volume  of  traffic  passing  through 
each  intersection  in  this  corridor  is  so  high  that  it  brings  the 
rate  down  considerably  even  though  there  are  a  tremendous  number 
of  accidents. 

Route  9  through  Framingham  has  a  rate  of  98.51  accidents  per 
mile.     As  in  Natick,   this  is  more  than  double  the  statewide 
average  and  is  a  reflection  of  the  high  number  of  intersections 
and  driveways  on  a  relatively  short  section  of  roadway. 

Southborough 

The  worst  location  in  Southborough  is  the  Route  9/0ak  Hill  inter- 
section, which  averages  9.5  accidents  per  year  and  has  an  acci- 
dent rate  of  0.50.     No  other  locations  in  Southborough  appeared 


Inter sect  ion 


Accident  Rate 


West  Road 
Caldor ' s  Road 
Prospect  Street 
Temple  Street 
Country  Club  Lane 


0.81 
1.27 
0.85 
1.89 
0.94 
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to  demonstrate  a  high  accident  frequency;  however,   local  offi- 
cials indicated  that  there  are  some  safety  problems  at  Middle 
Road  and  Parkersville  Road.     These  problems  were  not  evident  in 
the  MDPW  accident  records.     CTPS ,  as  part  of  the  Phase  II  analy- 
sis, will  need  to  review  the  MDPW  1984  accident  summaries  when 
these  are  available  on  the  computer.     If  a  problem  is  not  indi- 
cated then,   there  may  be  a  need  to  investigate  why  a  discrepancy 
in  the  data  exists  and  take  measures  to  correct  both  the  data 
problem  and  the  accident  problem  at  these  locations. 


2 . 3     TRAFFIC- SIGNAL  INVENTORY 

There  are  three  types  of  isolated-intersection  traffic-signal 
equipment  available:     pre-timed,  semi-actuated  and  fully 
actuated.     The  term  isolated  indicates  that  the  intersection 
equipment  is  operating  independently  of  neighboring  traffic 
signals.     The  simplest  intersection-control  equipment  is  of  the 
pre-timed  type.     This  unit  proportions  green  time  to  the  major 
and  side  streets  based  on  a  fixed  time  "dial."     For  the  dial  to 
make  one  revolution  it  takes  60  to  120  seconds,  depending  on  how 
it  was  set  up.     At  the  end  of  one  revolution  (or  cycle),  the 
controller  has  gone  completely  through  the  intersection  and  given 
green,  yellow  and  red  indications  to  each  of  the  movements.  The 
the  dial  rotates  again  and  continues  to  do  so  until  there  is  some 
physical  intervent ion-- thus  the  term  pre-timed,   since  the  cycle 
and  green  indications  never  change  once  set.     Some  of  the  more 
sophisticated  pre-timed  units  have  real-time  clocks  which  control 
up  to  three  separate  dials  so  that  adjustments  can  be  made  in 
signal  timings  for  AM-peak,   PM-peak  and  off-peak  time  periods. 

A  more  sophisticated  piece  of  equipment  is  the  semi-actuated 
unit.     This  is  the  most  common  form  of  signal  equipment  in  the 
Route  9  corridor.     Connected  to  the  controller  are  vehicle 
detectors  embedded  in  the  roadway  on  the  minor-  or  side-street 
approaches.     The  detectors  tell  the  controller  when  there  are 
vehicles  waiting  to  enter  the  main  flow.     The  controller  will 
then  stop  the  main  flow  and  allow  the  minor  to  proceed.  The 
benefit  of  this  system  over  the  pre-timed  unit  is  that  during 
off-peak  periods  the  controller  wastes  no  time  on  the  minor 
street  if  there  is  no  traffic  there.     During  peak  periods  this 
unit  will  act  in  much  the  same  manner  as  a  pre-timed  unit. 

Finally,   the  most  advanced  unit  is  the  fully  actuated  controller. 
As  the  name  implies,   this  unit  has  detectors  on  all  approaches  to 
the  intersection,  and  proportions  green  time  to  demand.  The 
system  has  the  flexibility  of  being  able  to  respond  to  high 
demands  in  cross-street  traffic.     It  also  allows  for  responses  to 
left-turn  demands  on  the  major  flow.     This  unit  provides  maximum 
flexibility  at  an  intersection  and  will  allow  the  engineer  to 
optimize  the  traffic  flows.     In  peak  periods,  this  unit  serves 
the  traffic  in  much  the  same  manner  as  a  pre-timed  unit,  but  if 
there  is  any  fluctuation  in  the  volume  on  an  approach,   this  unit 
can  immediately  respond  to  that  change. 
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When  traffic  signals  are  within  1/2  mile  of  one  another  they  can 
be  coordinated.     Coordination  of  signals  is  the  establishing  of 
a  platoon  of  vehicles  at  the  first  intersection  of  a  series  or 
pair,  and  moving  that  platoon  through  the  area  at  a  constant 
speed.     By  platooning,   the  average  delay  per  vehicle  can  be 
reduced  and  more  traffic  can  be  accommodated. 

Wellesley 

In  Wellesley,  beginning  at  Route  128  and  heading  west,   the  first 
signal  encountered  is  at  the  MDPW  maintenance  depot.     The  signal 
at  this  location  is  semi-actuated,  with  a  vehicle  detector  in  the 
maintenance-yard  driveway.     Both  the  controller  and  vehicle 
detector  at  this  intersection  are  working  correctly.     This  type 
of  controller  is  appropriate  for  this  intersection.     If  need  be, 
this  controller  can  be  retimed  without  a  problem. 

At  the  intersection  of  Route  9  and  Oakland,   there  is  a  semi- 
actuated  traffic  controller.     There  are  vehicle  dectectors  on 
both  cross-streets   (northbound  and  southbound).     This  type  of 
unit  is  appropriate  for  this  location  and  all  of  the  equipment  is 
fairly  new  and  in  good  working  order.     Retiming  this  signal 
should  not  be  a  problem. 

The  intersection  of  Route  9  and  Worcester  Road  is  2200  feet  west 
of  the  Oakland  intersection.     This  location  is  served  by  a  semi- 
actuated  controller.     In  addition  to  the  vehicle  detectors  on  the 
side  streets,   there  is  a  detector  in  the  left- turn-storage  lane 
for  Route  9  eastbound.     Although  considerably  older  than  the 
equipment  at  Oakland,   this  equipment  is  working  correctly.  There 
should  be  no  problem  retiming  this  equipment. 

Route  9  at  Overbrook  Road  has  a  semi-actuated  traffic  signal.  As 
at  the  Worcester  Road  intersection,   there  is  traffic  detection  on 
Route  9 — for  left  and  U-turns — as  well  as  on  the  cross-street. 
At  the  time  of  the  field  survey,   this  controller  was  working 
correctly,  as  were  the  detectors.     However,   it  was  noted  that 
this  equipment  was  manufactured  by  a  company  which  is  no  longer 
in  the  traffic-signal-equipment  business.     Consequently,  should 
this  equipment  fail,   the  MDPW  would  be  hard  pressed  to  repair  the 
system  (in  fact,   the  system  failed  in  September  of  1985  and 
forced  the  closing  of  the  Route  9  median  break  at  Overbrook 
Road )  . 

Natick 

The  intersection  of  Route  9  at  Oak  Street  is  located  only  1000 
feet  west  of  the  Overbrook  intersection  in  Wellesley.  This 
intersection  was  designed  to  be  controlled  by  a  semi-actuated 
unit,  and  in  fact  it  was  for  a  brief  period  of  time.  However, 
a  traffic  accident  destroyed  the  controller  box  and  its  contents. 
The  MDPW  has  replaced  the  controller  with  a  unit  of  the  semi- 
actuated  type.     However,   the  maintenance  personnel  for  the  MDPW 
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have  indicated  that  they  have  been  unable  to  replace  the  vehicle 
detectors.     Consequently,   the  intersection  is  controlled  as  if  it 
were  pre-timed.     Undoubtedly,   some  of  the  traffic  backups  at  this 
location  can  be  attributed  to  the  lack  of  the  appropriate  signal 
equipment  in  the  control  box. 

At  the  intersection  of  Dean  Street/Sherwood  Plaza  and  Route  9, 
the  intersection  is  controlled  by  a  semi-actuated  unit.     In  addi- 
tion to  the  vehicle  detector  on  the  approach  leaving  the  Natick 
Mall   (left  turns  from  Sherwood  Plaza  are  not  allowed),  there  is  a 
detector  for  left  turns  from  Route  9  westbound  to  Dean  Street. 
All  of  the  detectors  at  this  intersection  are  working  and  the 
controller  can  be  retimed  if  necessary. 

At  one  time,   the  intersection  controllers  at  Dean  Street,  East 
Road,  West  Road  and  Caldor's  Plaza  were  interconnected  and  coor- 
dinated.    This  system  worked  for  a  short  period  of  time,  then 
broke,  and  was  never  successfully  repaired.     Each  of  the  signals 
is  now  operating  independently.     Given  that  these  intersections 
are  very  close  to  one  another,   it  does  not  appear  to  be  reason- 
able for  them  to  be  left  uncoordinated.     In  recognition  of  this 
major  deficiency,   the  MDPW  has  recently  purchased  an  entirely  new 
signal-control  system  for  this  area  which  will  provide  for  a 
coordinated  movement  of  traffic. 

The  signal  equipment  at  East  Road  is  of  the  same  vintage  as  the 
the  equipment  at  Dean  Street.     The  controller  is  a  semi-actuated 
unit;  however  the  vehicle  detectors  are  not  functioning.  This 
signal  is  operating  as  a  pre-timed  unit. 

Framingham 

At  the  intersection  of  Route  9  and  West  Road,  the  signal  equip- 
ment is  similar  to  that  found  at  East  Road  and  Dean  Road.  This 
signal  was  installed  to  facilitate  the  movement  of  left  turns 
into  Shopper's  World  from  Route  9  eastbound.  There  is  only  one 
detector  installed  at  this  intersection,  in  the  eastbound  left- 
turn  lane.  The  detector  is  working  and,  except  for  the  broken 
interconnect  system  (noted  above),  this  intersection  is  working 
as  it  was  designed,  and  can  be  retimed  if  needed. 

The  traffic  signal  at  the  Caldor's  Road  intersection  is  unlike 
any  of  the  other  equipment  in  the  corridor.     It  operates  with 
mechanical  relays  rather  than  solid-state  electronics.  This 
traffic  controller  is  semi-actuated,  with  detectors  on  Caldor's 
Road  and  in  the  Route  9  left- turn-storage  lanes.     Each  of  the 
detectors  is  working  correctly  and,  although  old,   the  controller 
can  be  retimed  if  warranted. 

The  intersection  of  Route  9  and  Prospect  Street  is  an  interesting 
location.     The  controller  at  this  location  has  been  out  for 
repair  for  almost  a  year.     The  replacement,  although  a  fully 
actuated  unit,   is  set  up  to  operate  the  intersection  as  a  pre- 
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timed  unit  would.     The  intersection  has  been  designed  to  operate 
as  a  semi-actuated  location.     For  some  reason  that  was  not 
readily  apparent,   the  vehicle  detectors  were  not  working  and 
could  not  be  connected  to  the  controller.     There  is  obviously  a 
significant  problem  at  this  location,  and,   like  the  one  at  the 
intersection  of  Oak  Street  in  Natick,   it  should  be  corrected. 

Route  9  at  Temple  Street  is  one  of  the  most  heavily  traveled 
signalized  intersections  in  the  corridor.     The  signal  system  at 
this  location  is  fully  actuated.     Fortunately,  all  of  the  detec- 
tors and  the  signal  controller  are  working  correctly.  The 
controller  has  had  some  problems  and  some  of  the  circuit  boards 
have  been  replaced.     In  terms  of  the  intersection's  ability  to  be 
retimed,   the  equipment  can  be  adjusted  without  a  problem. 

The  signal  equipment  at  the  intersection  of  Route  9  and  Country 
Club  Lane  is  among  the  newest  in  the  corridor.     The  intersection 
is  fully  actuated  and  is  functioning  properly.     This  intersection 
can  be  retimed  if  appropriate,  without  concern  for  the  equipment. 

The  traffic  signal  at  the  intersection  of  Route  9  and  California 
Avenue  is  of  the  same  vintage  as  that  in  the  Shopper's  World 
area.     This  intersection  is  fully  actuated,  and  everything  is 
working  correctly.     The  intersection  can  be  retimed  if  necessary, 
without  a  problem. 

Southborough 

The  intersection  of  Route  9  and  Oak  Hill  is  served  by  a  fully 
actuated  controller.     The  equipment  at  this  intersection  is 
fairly  new  and  is  working  as  it  was  designed  to.     This  intersec- 
tion can  be  easily  retimed  if  appropriate. 

The  signal  equipment  at  White  Bagley  Road  has  been  in  place  less 
than  one  year.     It  is  a  semi-actuated  system  and  could  be  re- 
timed if  necessary  without  a  problem. 

The  traffic  signal  at  the  western  limits  of  the  study  corridor  is 
at  the  intersection  of  Route  9  and  Crystal  Pond  Road.     The  semi- 
actuated  intersection  has  fairly  new  equipment  and  is  functioning 
correctly.     Retiming  (if  necessary)  would  not  be  a  problem. 


2.4     INTERSECTION  LEVEL-OF-SERVICE  ANALYSIS 

For  this  analysis,  a  considerable  amount  of  data  was  needed. 
Traffic  turning-movement  counts  were  needed,  along  with  intersec- 
tion geometries  and  lane  use.     For  signalized  intersections,  the 
exact  timing  of  the  signal  controller  was  required.     Based  on 
this  information,   the  level  of  service  (LOS)   that  the  intersec- 
tion is  providing  was  calculated.     Average  vehicle  delay  was  a 
by-product  of  the  LOS  computations. 
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Th  e  intersections  for  which  this  analysis  was  conducted  include 
all  signalized  intersections  in  the  corridor  and  any  additional 
locations  identified  by  the  accident  analysis  or  travel-time 
analysis.     As  discussed  above,  grade-separated  intersections  will 
be  addressed  in  Phase  II. 

The  LOS  analysis  appears  to  be  a  straightforward  process  of 
plugging  numbers  into  equations,  but  it  incorporates  some  assump- 
tions that  are  worth  noting  before  proceeding.     These  assumptions 
are  associated  with  lane  utilization  and  red  or  amber  periods  of 
signal  operation.     For  example,   the  analysis  techniques  assume 
that  when  a  traffic  signal  turns  amber,  the  traffic  will  begin  to 
come  to  a  stop,  and  that  by  the  time  the  signal  turns  red,  all 
traffic  will  be  stopped.     That  is  often  not  the  case  in 
Massachusetts.     During  collection  of  traffic-volume  data  at  many 
of  the  intersections,   it  was  observed  that--par t icular ly  during 
peak  periods  of  operat ion--many  motorists  tried  to  beat  the 
light.     Also,    it  was  noted  that  at  the  Route  9/0verbrook  inter- 
section in  Wellesley  the  traffic  on  Route  9  begins  to  move  before 
the  light  on  Route  9  turns  green.     Another  assumption  in  the 
technique  is  that  traffic  will  not  use  more  roadway  than  legally 
available.     It  was  noted  at  several  of  the  more  congested  inter- 
sections that  during  peak  hours  some  traffic  uses  the  breakdown 
lane.     The  local  police  were  ticketing  vehicles  for  this  at 
several  locations  when  traffic-volume  data  were  being  collected; 
however,  when  the  police  were  not  there  these  illegal  movements 
were  continuing.     The  equations  used  for  this  analysis  do  not 
recognize  the  periodic  legal  infractions  which  actually  serve  to 
improve  traffic  flow  by  reducing  the  traffic  volume  which  the 
traffic  signal  must  serve  legally.     Therefore,   the  average  delays 
cited  below  in  the  analysis  may  overstate  slightly  the  average 
conditions.     However,   it  would  be  contrary  to  good  practice  to 
encourage  or  allow  illegal  conditions  to  continue  in  order  to 
relieve  congestion  if  improvements  would  allow  the  traffic  to 
move  more  freely  while  following  the  traffic  laws. 

The  following  pages  present  the  results  of  the  LOS  analysis  by 
reviewing  each  intersection  analyzed  independently. 

Wellesley 

Route  9  at  MDPW  Maintenance  Depot 


Movement 


Time 
Per  iod 


Avg.  Delay 
( sec/ veh ) 


LOS 


Route  9  eastbound 
Route  9  westbound 
MDPW  Depot 


Overall  performance 


AM  peak 
AM  peak 
AM  peak 
AM  peak 


321 
179 
119 
256 


F 
F 
F 
F 


Route  9  eastbound 
Route  9  westbound 
MDPW  Depot 


PM  peak 
PM  peak 
PM  peak 
PM  peak 


24 

600 
20 
339 


C 
F 
C 
F 


Overall  performance 
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For  the  PM  peak  hour,   the  delay  figure  of  600  seconds  per  vehicle 
admittedly  seems  excessive.     However,  during  the  course  of  the 
study,   traffic  backups  extending  onto  the  Route  128  southbound 
off-ramp  to  Route  9  westbound  were  not  uncommon.     During  these 
periods,   there  was  considerable  illegal  use  of  the  westbound 
Route  9  breakdown  lane  as  a  through-travel  lane. 

Route  9  at  Oakland  Street 


Time 

Avg.  Delay 

Movement 

Period 

( sec/ veh ) 

LOS 

Route  9  eastbound 

AM  peak 

206 

F 

Route  9  westbound 

AM  peak 

21 

C 

Oakland  Street  northbound 

AM  peak 

22 

C 

Oakland  Street  southbound 

AM  peak 

21 

C 

Overall  performance 

AM  peak 

117 

F 

Route  9  eastbound 

PM  peak 

29 

D 

Route  9  westbound 

PM  peak 

48 

E 

Oakland  Street  northbound 

PM  peak 

22 

C 

Oakland  Street  southbound 

PM  peak 

19 

C 

Overall  performance 

PM  peak 

37 

D 

It  is  apparent  that  the  main  problem  at  this  location  is  in  the 
eastbound  flow  during  the  AM  peak  hour.     At  this  location,  the 
situation  is  complicated  by  the  loading  of  eastbound  traffic  from 
Route  16  approximately  500  feet  to  the  west  of  the  intersection. 
In  addition  to  that  injection  of  a  considerable  volume,   the  east- 
bound  intersection  approach  is  heading  uphill.     This  grade 
imposes  an  additional  constraint  on  the  flow  of  traffic  and 
serves  to  reduce  the  capacity  of  the  intersection.     The  slope 
problem  is  not  present  for  the  westbound  approach;  also,  the 
PM-peak-hour  traffic  volumes  for  the  westbound  approach  are 
approximately  150  vehicles  less  than  the  eastbound  AM  peak. 

Route  9  at  Worcester  Street/Wellesley  Fire  Barn 


Time 

Avg.  Delay 

Movement 

Period 

( sec/ veh ) 

LOS 

Route  9  eastbound 

AM  peak 

195 

F 

Route  9  westbound 

AM  peak 

30 

D 

Worcester  Street  northbound 

AM  peak 

29 

D 

Service  Road/Fire  Barn  exit 

AM  peak 

29 

D 

Overall  performance 

AM  peak 

135 

F 

Route  9  eastbound 

PM  peak 

14 

B 

Route  9  westbound 

PM  peak 

438 

F 

Worcester  Street  northbound 

PM  peak 

30 

D 

Service  Road/Fire  Barn  exit 

PM  peak 

28 

D 

Overall  performance 

PM  peak 

238 

F 
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As  is  the  case  at  each  of  the  two  previous  intersections  ana- 
lyzed,  the  AM-peak  flow  is  eastbound  and  the  PM-peak  flow  is 
westbound.     Similarly  to  the  problem  for  eastbound  at  Oakland, 
the  Route  16  interchange  loads  a  considerable  amount  of  traffic 
just  east  of  this  intersection.     This,  combined  with  the  exclu- 
sive left-turn  lane  for  Route  9  eastbound  that  stops  the  west- 
bound flow,   makes  the  westbound  movement  more  congested,  since 
the  capacity  of  the  approach  is  reduced  because  of  the  opposing 
left-turn  lane. 


Eastbound  volume  in  the  AM  peak  hour  is  almost  800  vehicles 
higher  than  the  PM  peak  westbound.     However,   there  is  a  very  high 
volume  of  right  turns  for  the  eastbound  approach,  and  these  heavy 
rights  do  not  require  very  much  of  the  available  capacity  to  be 
served.     If  just  the  through  volume  on  Route  9  is  considered,  the 
PM  peak  westbound  has  a  higher  volume  by  slightly  more  then  100 
vehicles  over  the  AM  peak  eastbound. 


Route  9  at  Westgate  Street  and  Oak  Street 


Time  Avg.  Delay 

Movement   Period  ( sec/ veh )  LOS 

Route  9  eastbound 

left  turns  AM  peak  20.0  D 

Route  9  westbound 

left  turns  AM  peak  *  F 

Oak  Street 

right  turns  AM  peak  30.5  D 

Westgate  Street 

right  turns  AM  peak  9.2  B 


♦Degree  of  failure  beyond  limits  of  analysis  equations; 
cannot  function  safely. 

This  intersection  was  included  in  the  LOS  analysis  due  to  the 
high  concentration  of  accidents  at  this  site  identified  in  the 
safety  analysis.     The  design  of  this  intersection  is  such  that 
traffic  is  not  allowed  to  cross  Route  9.     Westgate  and  Oak 
Street  traffic  must  take  a  right  turn  onto  Route  9.     There  are 
left- turn-storage  lanes  on  Route  9  in  both  directions  that  are 
used  primarily  by  U-turns.     The  LOS  analysis  concentrates  on  the 
left  turns  from  Route  9  and  the  right  turns  from  the  cross- 
streets.     As  can  been  seen  in  the  table  above,   the  only  LOS 
problem  is  related  to  the  left  turns  from  Route  9  eastbound  in 
the  AM  peak. 
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Route  9  at  Overbrook  Road 


Time 

Avg.  Delay 

1  JU  V  ~  ill  \^  11  L 

Ppr*  i  r\r\ 

(  epp  /  v^Vl  1 

\  D  w  ^-  /  VCll/ 

LOS 

Route  9  eastbound  left  turns 

AM  peak 

152 

F 

Route  9  westbound  left  turns 

AM  peak 

20 

C 

Overbrook  Road  southbound 

AM  peak 

* 

F 

Overall  performance 

AM  peak 

167 

F 

Route  9  eastbound  left  turns 

PM  peak 

80 

F 

Route  9  westbound  left  turns 

PM  peak 

126 

F 

Overbrook  Road  southbound 

PM  peak 

* 

F 

Overall  performance 

PM  peak 

204 

F 

♦Degree  of  failure  beyond  limits  of  analysis  equations; 
cannot  function  safely. 

The  problem  indicated  at  Overbrook  Road  in  the  AM  and  PM  peak 
implies  that  the  traffic  will  be  backed  up  beyond  the  period 
for  which  it  was  analyzed.     The  analysis  was  for  a  1-hour  period, 
and  all  of  the  traffic  will  not  clear  through  the  intersection 
until  sometime  during  the  next  hour.     At  this  location,   the  peak 
direction  of  the  traffic  flows  was  evident;  however,   it  was  not 
as  pronounced  as  at  other  locations.     Eastbound  AM-peak-hour 
flows  were  within  17  vehicles  per  hour  of  the  PM-peak  westbound 
flows.     This  is  one  location  where  frequent  violations  in  terms 
of  use  of  the  breakdown  lane  were  noted  while  the  turning- 
movement  counts  were  being  collected.     These  violations  served  to 
reduce  the  actual  delay  per  vehicle  and  the  queuing  at  the  inter- 
section . 

Natick 

Route  9  at  Oak  Street  and  Rhode  Island  Avenue 


Time 

Avg.  Delay 

Movement 

Period 

( sec/ veh ) 

LOS 

Route  9  eastbound 

PM  peak 

419 

F 

Route  9  westbound 

PM  peak 

103 

F 

Oak  Street  northbound 

PM  peak 

32 

D 

Oak  Street  southbound 

PM  peak 

34 

D 

Overall  performance 

PM  peak 

214 

F 

many  of  the  locations 

in  Natick,  as  well 

as  those  in 

the 

Shopper's  World  area  of  Framingham,   traffic  counts  for  the  PM 
peak  hour  were  available  from  environmental  impact  reports  filed 
for  construction  projects  in  the  area.     These  counts  were  used 
for  the  LOS  analysis  of  the  Phase  I  effort. 
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At  this  intersection  there  are  significant  delays.     Part  of  the 
reason  for  this  is  the  design  of  the  intersection,  which  provides 
for  left  turns  from  Route  9  accomplished  by  taking  a  right  turn 
to  the  cross-street  and  then  recrossing  Route  9  perpendicularly 
to  the  through-movement  flow.     This  design  forces  all  Route  9 
traffic  to  be  stopped  to  allow  the  left  turns   (along  with  the 
cross-street  traffic)  to  flow.     This  type  of  design  is  just  about 
the  safest  way  to  handle  left  turns  off  a  major  facility; 
however,  when  traffic  volumes  are  very  high  on  the  major  facil- 
ity,  it  does  not  provide  for  the  most  efficent  use  of  the  inter- 
section . 

Route  9  at  the  Median  Break  Near  Hoffman's  and  McDonald's 


Movement 


Time  Avg.  Delay 

Period  (sec/ veh )  LOS 


Route  9  eastbound 

left/U  turns 
Route  westbound 

left/U  turns 
Driveway  southbound 

left  turns 


PM  peak 
PM  peak 
PM  peak 


83  .7 
80.0 


E 
E 
F 


♦Degree  of  failure  beyond  limits  of  analysis  equations; 
cannot  function  safely. 

This  intersection  was  included  in  the  Phase  I  analysis  due  to  the 
high  number  of  accidents  which  the  safety  analysis  showed.  With 
unsignalized  intersections,   the  capacity  of  the  location  is  a 
function  of  through  movements  on  the  cross-street  and  left  turns 
from  all  approaches.     The  analysis  treats  this  site  as  an 
unsignalized  "T"-type  intersection.     Thus  there  are  no  through 
movements  on  the  cross-street,  and  the  analysis  is  reduced  to  an 
assessment  of  the  left  turns.     There  were  only  250  vehicles 
making  left  turns  at  this  location  in  the  PM  peak  hour,  but  the 
speeds  and  traffic  volumes  on  Route  9  are  high,  and  thus  the 
service  level  is  very  poor  for  the  lefts.     The  left-turn  problem 
from  the  driveway  indicates  that  vehicles  are  moving  across  Route 
9  in  traffic  gaps  that  are  unsafe.     This  no  doubt  contributes  to 
the  high  number  of  accidents  at  this  location. 

Route  9  at  Dean  Street/Nat ick  Mall 


Time 

Avg.  Delay 

Movement 

Period 

( sec/ veh ) 

LOS 

Route  9  eastbound 

PM 

peak 

421 

F 

Route  9  westbound 

PM 

peak 

14 

B 

Nat ick  Mall  southbound 

PM 

peak 

317 

F 

Overall  performance 

PM 

peak 

223 

F 
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At  this  location  there  is  no  problem  for  westbound  Route  9  since 
this  traffic  continues  to  move  while  left  turns  from  Route  9 
westbound  are  being  made.     This  is  also  the  reason  why  eastbound 
Route  9  is  as  bad  as  it  is,   since  this  traffic  must  be  stopped  in 
order  to  allow  the  left  turns  to  move.     Left  turns  and  through 
movements  from  the  Natick  Mall  also  have  a  considerable  problem. 
Right  turns  from  the  cross-street  flow  have  a  minor  problem  as 
these  movements  are  not  controlled  by  the  traffic  signal.  Left 
turns  from  Dean  Street  are  not  permitted. 

Route  9  at  East  Road 


Time 

Avg.  Delay 

Movement 

Period 

( sec/ veh ) 

LOS 

Route  9  eastbound 

PM  peak 

105 

F 

Route  9  westbound 

PM  peak 

19 

C 

plaza  driveway  northbound 

PM  peak 

24 

C 

East  Road  southbound 

PM  peak 

50 

E 

Overall  performance 

PM  peak 

54 

E 

Left  turns  from  Route  9  westbound  are  allowed  at  this  location. 
However  left  turns  from  the  eastbound  are  not.     When  allowing  the 
westbound  lefts  the  eastbound  traffic  must  be  stopped;  hence  the 
difference  in  service  level  between  the  east  and  westbound  flows. 
The  cross-street  movements  at  this  location  function  fairly  well. 

Framingham 

Route  9  at  West  Road 

Time  Avg.  Delay 


Movement  Per  iod  (  sec/ veh )  LOS 


Route  9  eastbound  PM  peak  17  C 

Route  9  westbound  PM  peak  20  C 

Overall  performance  PM  peak  18  C 


The  only  movements  controlled  by  the  traffic  signal  at  this  loca- 
tion are  those  associated  with  Route  9.     Cross-street  traffic  is 
only  allowed  a  right  turn,  and  consequently  does  not  require 
signalizat ion .     On  Route  9  westbound,  U-  and  left  turns  are  also 
prohibited.     This  intersection  appears  to  be  functioning  prop- 
erly.    The  difference  between  the  Route  9  east  and  westbound  LOS 
is  related  to  the  stopping  of  the  westbound  traffic  to  allow  for 
the  eastbound  left  turns. 

Route  9  at  Caldor's  Road/Plaza 


Time 

Avg.  Delay 

Movement 

Per  iod 

( sec/ veh ) 

LOS 

Route  9  eastbound 

PM  peak 

60 

E 

Route  9  westbound 

PM  peak 

168 

F 

Caldor's  Road  southbound 

PM  peak 

23 

C 

Overall  performance 

PM  peak 

108 

F 
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This  intersection  is  the  most  congested  intersection  in  the 
Shopper's  World/Natick  Mall  area.     Part  of  the  reason  for  this 
can  be  seen  in  the  LOS  figures  above.     There  appears  to  be  a 
considerably  inequitable  split  in  the  distribution  of  the  green 
time  of  the  traffic  signal.     The  side  street  is  operating  at  a 
good  service  level  at  the  expense  of  Route  9. 

Route  9  at  Prospect  Street 


Time 

Avg.  Delay 

Movement 

Period 

(sec/ veh ) 

LOS 

Route  9  eastbound 

PM  peak 

256 

F 

Route  9  westbound 

PM  peak 

414 

F 

Prospect  Street  southbound 

PM  peak 

* 

F 

Overall  performance 

PM  peak 

782 

F 

♦Degree  of  failure  beyond  limits  of  analysis  equations; 
cannot  function  safely. 

This  intersection  is  one  of  the  two  most  congested  intersections 
in  the  corridor  (the  other  being  Temple  Street,  discussed  below) 
Excessive  backups  were  noted  during  the  travel-speed  runs 
discussed  in  section  2.1  of  this  report.     With  each  approach 
operating  in  LOS  F,   it  would  appear  that  geometric  changes  are 
warranted,  along  with  a  retiming  or  a  phasing  change. 

Route  9  at  Temple  Street 

Time  Avg.  Delay 

Movement   Period  (sec/ veh )  LOS 


Route  9  eastbound 


left  turns 

AM 

peak 

57 

F 

Route  9  eastbound 

through  and  right  turns 

AM 

peak 

455 

F 

Route  9  westbound 

left  turns 

AM 

peak 

61 

F 

Route  9  westbound 

through 

AM 

peak 

93 

F 

Temple  Street  northbound 

AM 

peak 

624 

F 

Temple  Street  southbound 

AM 

peak 

* 

F 

Worcester  Road 

AM 

peak 

24 

C 

Jug  handle     left  turns 

AM 

peak 

135 

F 

Jug  handle  through 

and  right  turns 

AM 

peak 

14 

B 

Overall  performance 

AM 

peak 

284 

F 
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Movement 


Route  9  eastbound 

left  turns 
Route  9  eastbound 

through  and  right  turns 
Route  9  westbound 

left  turns 
Route  9  westbound 

through 
Temple  Street  northbound 
Temple  Street  southbound 
Worcester  Road 

Jug  handle     left  turns 

Jug  handle  through 
and  right  turns 

Overall  performance 


Time  Avg.  Delay 


Period  ( sec/ veh )  LOS 

PM  peak  54  E 

PM  peak  472  F 

PM  peak  123  F 

PM  peak  112  F 

PM  peak  *  F 

PM  peak  *  F 

PM  peak  23  C 

PM  peak  *  F 

PM  peak  17  C 

PM  peak  580  F 


♦Degree  of  failure  beyond  limits  of  analysis  equations; 
cannot  function  safely. 

This  intersection  has  the  distinction  of  being  the  worst  inter- 
section in  the  corridor  in  terms  of  LOS  and  vehicle  delay.  As 
shown  in  the  table  above,   few  approaches  are  actually  operating 
at  an  acceptable  LOS.     The  majority  of  the  movements  associated 
with  traversing  the  intersection  are  at  LOS  F. 

Route  9  at  Country  Club  Lane 


Time 

Avg.  Delay 

Movement 

Per  iod 

( sec/ veh ) 

LOS 

Route  9  eastbound 

AM  peak 

167 

F 

Route  9  westbound 

AM  peak 

34 

D 

Country  Club  Lane  northbound 

AM  peak 

757 

F 

Overall  performance 

AM  peak 

193 

F 

Route  9  eastbound 

PM  peak 

456 

F 

Route  9  westbound 

PM  peak 

55 

E 

Country  Club  Lane  northbound 

PM  peak 

780 

F 

Overall  performance 

PM  peak 

341 

F 

This  intersection  also  has  problems,  but  of  an  order  of  magnitude 
below  those  found  at  Temple  Street.     There  appears  to  be  an  un- 
even distribution  in  the  deficiency,  with  the  eastbound  direction 
always  worse  then  the  west.     This  is  due  to  the  left  turns  off 
Route  9  which  cross  the  eastbound  flow.     This  situation  is  par- 
ticularly bad  in  the  PM  peak  as  many  motorists  return  home. 
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Route  9  at  California  Avenue 

Time  Avg .  Delay 


Movement   Per  iod  (  sec/veh )  LOS 


Route  9  westbound  AM  peak  10  B 

California  southbound  AM  peak  16  C 

Overall  performance  AM  peak  10  B 

Route  9  westbound  PM  peak  11  B 

California  southbound  PM  peak  21  C 

Overall  performance  PM  peak  13  B 


This  intersection  serves  only  the  north  or  westbound  side  of 
Route  9.     Consequently,   the  traffic  signal  does  not  have  to 
allocate  time  to  the  eastbound  movement  or  to  a  northbound 
minor-street  approach.     There  are  no  capacity  problems  at 
this  location. 

Southborough 

Route  9  at  Oak  Hill  Road 


Time 

Avg.  Delay 

Movement 

Period 

( sec/ veh ) 

LOS 

Route  9  eastbound 

AM  peak 

119 

F 

Route  9  westbound 

AM  peak 

20 

C 

Oak  Hill  Road  northbound 

AM  peak 

391 

F 

Central  Street  southbound 

AM  peak 

342 

F 

Overall  performance 

AM  peak 

121 

F 

Route  9  eastbound 

PM  peak 

84 

F 

Route  9  westbound 

PM  peak 

220 

F 

Oak  Hill  Road  northbound 

PM  peak 

208 

F 

Central  Street  southbound 

PM  peak 

50 

E 

Overall  performance 

PM  peak 

155 

F 

This  is  another  bad  location.     East  and  westbound  volumes  on 
Route  9  are  almost  equal  during  peak  hours.     Given  that  many 
approaches  are  operating  at  a  poor  LOS  simultaneously,  a 
geometric  change  would  be  needed,  along  with  signal-timing 
adjustments,   in  order  for  this  intersection  to  function  at  a 
reasonable  level. 

Route  9  at  White  Bagley  Road   (White's  Corner) 


Movement 

Time 
Per  iod 

Avg.  Delay 
( sec/ veh ) 

LOS 

Route  9  eastbound 

AM  peak 

37 

D 

Route  9  westbound 

AM  peak 

29 

D 

Break  Neck  Hill  Road  north- 

bound 

AM  peak 

159 

F 

White  Bagley  Road  southbound 

AM  peak 

252 

F 

Overall  performance 

AM  peak 

40 

D 
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Route  9  eastbound 
Route  9  westbound 
Break  Neck  Hill  Road  north- 
bound 

White  Bagley  Road  southbound 
Overall  performance 


PM  peak  12  B 

PM  peak  10  B 

PM  peak  21  C 

PM  peak  34  D 

PM  peak  12  B 


The  traffic  signal  at  this  intersection  is  the  newest  in  the 
corridor.     The  LOS  analysis  shows  that  the  AM  peak  is  the  worse 
of  the  two  periods  analyzed.     This  is  due  primarily  to  the  heavy 
left  turn  from  Route  9  eastbound  to  White  Bagley  Road  northbound. 
This  movement  appears  to  be  the  result  of  a  shortcut  to  the 
Framingham  Industrial  Park  which  allows  traffic  from  the  west  to 
enter  the  Park  via  Route  30. 


Route  9  at  Crystal  Pond  Road 


Time 

Avg.  Delay 

Movement 

Period 

( sec/ veh ) 

LOS 

Route  9  eastbound 

AM  peak 

61 

F 

Route  9  westbound 

AM  peak 

15 

C 

Crystal  Pond  Road  northbound 

AM  peak 

170 

F 

Overall  performance 

AM  peak 

41 

E 

Route  9  eastbound 

PM  peak 

31 

D 

Route  9  westbound 

PM  peak 

60 

E 

Crystal  Pond  Road  northbound 

PM  peak 

290 

F 

Overall  performance 

PM  peak 

50 

E 

The  LOS  analysis  showed  that  this  location  is  operating  at  a  very 
poor  level.     However,  when  the  turning-movement  data  was 
collected  at  this  location,   its  performance  did  not  look  quite  as 
bad  as  the  numbers  above  would  indicate.     Part  of  the  reason  for 
this  is  that  traffic  was  using  the  breakdown  lane  at  this  inter- 
section as  a  through  lane  during  the  heavier  periods  of  opera- 
tion.    Right  turns  from  Route  9  eastbound  always  used  the 
breakdown  lane.     This  is  another  case  of  the  illegal  operation  of 
an  intersection  serving  to  improve  the  operation  of  the  intersec- 
tion. 


2.5     SUMMARY  OF  EXISTING  CONDITIONS 

Summaries  of  the  existing  problems  were  tabulated  for  each  of  the 
four  communities.     These  are  presented  in  Tables  2-2  through  2-5. 
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3      RECOMMENDED  IMPROVEMENTS 


3 . 1      IDENTIFICATION  AND  EVALUATION 

The  improvements  most  appropriate  for  the  locations  were  iden- 
tified.    The  improvements  come  under  one  of  the  following  cate- 
gories : 

-  signal  retiming 

-  signal  phase  changes 

-  restriping  of  pavement 

-  use  of  the  breakdown  lane  as  a  travel  lane  at 
inter sect  ions 

-  installation  of  new  signal  equipment 

-  closing  of  medians 

-  restricting  turning  movements 

Each  location  analyzed  in  section  2.5  is  discussed  below,  and, 
for  most,  at  least  one  improvement  is  identified.     As  in  chapter 
2,   the  discussion  begins  in  Wellesley  and  progresses  west. 
Tables  3-1  through  3-4  accompany  this  discussion  and  summarize 
both  the  existing  conditions  and  the  improvements  and  their  esti- 
mated effect  on  conditions. 

Wellesley 

Route  9  at  MDPW  Maintenance  Depot 

Given  that  in  the  AM  peak  hour  all  3  of  the  approaches  at  this 
intersection  are  operating  at  LOS  F,  a  geometric  change  is 
warranted.     To  correct  the  problem  at  this  location,   the  break- 
down lane  on  Route  9  should  be  used  as  a  travel  lane  for  both  the 
east-  and  westbound  approaches.     For  the  eastbound  approach,  the 
use  of  the  breakdown  lane  should  begin  at  least  250  feet  west  of 
the  stop  line.     It  appears  feasible  to  continue  use  of  the  break- 
down lane  to  the  Sun  Life  driveway  entrance.     For  the  westbound 
approach,   the  use  of  the  breakdown  lane  should  begin  at  the  Route 
128  southbound  off-ramp  to  Route  9  westbound.     The  use  of  the 
breakdown  lane  should  continue  west  a  sufficent  distance  beyond 
the  intersection  for  the  traffic  to  weave  back  into  a  two-lane 
facility  (possibly  for  as  much  as  500-1000  feet.     In  addition, 
the  driveway  which  exits  the  MDPW  maintenance  yard  should  be 
slightly  widened  and  striped  for  two  lanes.     These  geometric 
changes  necessitate  the  changing  of  the  signal  timing. 
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Route  9  at  Oakland  Street 

The  Worcester  Road  intersection  is  only  2200  feet  west  of  this 
intersection.     The  Manual  on  Uniform  Traffic  Control  Devices 
(Federal  Highway  Administration,   1978)   recommends  that  signals 
spaced  less  than  1/2  mile  apart  be  coordinated,  because  the  cohe- 
sion of  a  platoon  of  traffic  can  be  maintained  for  this  distance. 
In  addition  to  the  coordination,   it  appears  that  the  signal 
timing  at  this  intersection  can  be  made  more  equitable.     This  is 
evidenced  by  the  AM-peak-hour  LOS  on  Route  9  of  F,  and  C  for 
Oakland.     The  recommended  improvement  at  this  location  is  to 
coordinate  this  signal  with  Worcester  Road  and  to  retime  the 
s  ignal . 

Route  9  at  Worcester  Street/Wellesley  Fire  Barn 

As  discussed  above,   the  signal  at  this  intersection  should  be 
coordinated  with  the  signal  at  Oakland.     In  addition,   it  appears 
from  the  LOS  analysis  that  the  timing  of  the  signal  is  biased 
toward  the  cross-street  flow.     The  signal  should  be  retimed. 
Given  the  age  of  the  equipment  and  the  need  for  coordination  with 
Oakland,  a  new  controller  should  be  purchased. 

Route  9  at  Westgate  Street  and  Oak  Street 

Although  this  location  does  not  appear  to  have  a  serious  LOS 
problem,   it  does  appear  to  have  a  high  frequency  of  accidents. 
To  improve  the  safety  of  this  location,  a  flashing  beacon  should 
be  installed. 

Route  9  at  Overbrook  Drive 

The  LOS  analysis  shows  that  a  geometric  change  is  warranted  to 
improve  this  location.     In  the  PM  peak  hour,  each  approach  is 
operating  at  LOS  F.     To  improve  this  location,   2  approach  lanes 
are  needed  on  Overbrook.     In  addition,   the  signal  should  be 
retimed  to  reflect  this  geometric  change.     The  traffic  signal  at 
Oak  Street  is  only  2400  feet  west  of  this  intersection;  there- 
fore,  the  intersections  should  be  coordinated.     Even  without  the 
installation  of  the  coordinated  system,   this  signal  should  be 
retimed.     The  signal  inventory  showed  that  for  this  location  the 
signal  equipment  is  fairly  old  and  of  a  different  make  from  the 
rest.     New  equipment  should  be  purchased,  as  a  preventive- 
maintenance  measure. 

Nat ick 

Route  9  at  Oak  Street 

The  LOS  analysis  showed  that  the  signal  timings  at  this  location 
are  biased  in  favor  of  the  cross-street  flows.     The  signal  inven- 
tory indicated  that  the  equipment  at  this  location  is  in  poor 
condition.     The  recommended  improvement  for  this  location  is  to 
purchase  new  signal  equipment  for  this  location  and  coordinate 
this  signal  with  the  signal  at  Overbrook. 
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Route  9  at  the  Median  Break  near  Hoffman's  and  McDonald's 

From  the  safety  perspective,   this  median  break  should  be  closed. 
However,  Natick  does  not  support  this  action,  and  has  been  nego- 
tiating with  the  MDPW  to  define  geometric  changes  which  could  be 
made  that  would  provide  for  a  safer  situation.     Pending  a  final 
agreement  on  the  nature  of  the  improvements  to  this  location, 
CTPS  has  not  developed  its  own  recommendation,  but  does  support 
any  improvement  which  will  provide  for  a  safer  situation. 

Route  9  at  Dean  Street/Nat ick  Mall 

It  is  not  practical  to  continue  to  operate  the  traffic  signals 
between  Dean  Street  and  Caldor's  without  their  being  coordinated. 
This  is  the  major  recommendation  for  this  area.     The  signals  to 
be  included  in  the  coordination  system  are  those  at  Dean  Street/ 
Natick  Mall,  East  Road,  West  Road,  and  Caldor's  Road.     The  signal 
inventory  showed  that  the  equipment  (excluding  the  detectors)  is 
in  good  shape,  except  at  Caldor's  Road,  which  has  an  old  unit. 
However,  when  installing  a  coordinated  signal  system,  normally 
each  individual  traffic-signal  controller  is  replaced.       It  is 
recommended  that  this  practice  be  followed  here.     Signal  retiming 
usually  accompanies  changes  in  a  traffic-signal  system,  and  this 
location  has  been  shown  to  warrant  retiming  in  many  case. 

Route  9  at  East  Road 

At  this  location  the  LOS  analysis  shows  that  a  geometric  change 
is  needed.     This  change  would  be  to  stripe  the  breakdown  lane  in 
both  the  east-  and  westbound  directions  for  right  turns.  Re- 
timing of  the  signal  and  coordination  with  other  signals  in  the 
area  would  significantly  improve  the  operation  of  this  intersec- 
tion . 

Framingham 

Route  9  at  West  Road 

The  LOS  at  this  intersection  is  well  within  acceptable  levels. 
However,   the  signal  timing  is  slightly  off.     Along  with  the 
coordination  of  the  signals  in  the  area,   this  location  should  be 
retimed.     The  signal  inventory  showed  that  the  detectors  at  this 
location  are  working. 

Route  9  at  Caldor's  Road 

The  signal  timing  at  this  intersection  is  extremely  biased 
toward  the  cross-street,  as  evidenced  by  the  average-vehicle- 
delay  figure  of  23  seconds  for  Caldor's  Road  traffic  and  168  for 
westbound  Route  9.     The  signal  at  this  location  is  of  the  old 
mechanical-relay  type.     The  recommended  improvement  for  this 
location  is  to  replace  the  signal  controller,   retime  the  signal, 
and  coordinate  this  signal  with  others  in  the  area. 
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Route  9  at  Prospect  Street 

This  location  has  two  significant  problems.     The  first  is  that 
each  approach  to  the  intersection  is  shown  to  be  operating  at  LOS 
F  in  the  PM  peak.     This  would  indicate  that  a  geometric  change  is 
needed.     The  second  problem  is  that  the  signal  equipment  is  in 
poor  shape.     The  signal  inventory  indicated  that  the  controller 
has  been  out  for  repair  for  some  time  and  that  the  vehicle  detec- 
tors are  not  working.     The  recommendations  for  this  location  are 
to  purchase  new  signal-control  equipment  and  to  widen  (possible 
by  re-striping)  Prospect  Street  and  stripe  Route  9  westbound  for 
3  lanes.     For  Prospect,   two  approach  lanes  are  needed,  beginning 
250  feet  back  from  the  stop  line.     For  Route  9  westbound,  three 
lanes  are  needed,  beginning  a  minimum  of  500  feet  back  from  the 
stop  line.     The  three  lanes  on  Route  9  should  be  continued  to 
Edgell  Road,  which  would  give  sufficient  distance  for  the  traffic 
to  weave  back  into  two  lanes.     These  changes,   in  conjunction  with 
retiming  the  traffic  signal,  will  make  a  considerable  difference. 

Route  9  at  Temple  Street 

The  LOS  analysis  showed  that  this  location  was  the  worst  in  the 
corridor  in  terms  of  congestion  and  vehicle  delay.  However, 
after  an  exhaustive  analysis  on  the  part  of  CTPS ,  no  short-term 
improvement  could  be  identified  that  would  make  this  intersection 
function  better.     The  existing  signal  timing  is  optimal,  and  the 
most  advanced  signal  equipment  available  is  presently  installed 
at  this  location.     A  solution  for  this  location  will  require 
major  construction  or  a  shift  in  traffic  away  from  this  location. 
The  detailing  of  a  solution  will  be  addressed  in  Phase  II  of  this 
study . 

Route  9  at  Country  Club  Lane 

Many  of  the  movements  at  this  location  are  operating  at  a  poor 
LOS;  as  at  other  locations,  this  would  imply  that  a  geometric 
change  is  warranted.     The  Route  9  eastbound  breakdown  lane  should 
be  striped  for  right  turns.     Also  there  must  be  two  approach 
lanes  on  Country  Club  if  this  intersection  is  to  have  any  chance 
of  providing  an  acceptable  LOS;  there  is  presently  only  one 
approach  lane  there.     The  second  lane  must  be  provided  through 
minor  roadway  widening  and  re-striping.     With  two  lanes  on 
Country  Club,   the  right  lane  would  be  used  exclusively  for  turns. 
Signal  retiming  would  then  bring  this  location  back  to  a  reason- 
able LOS. 

Route  9  at  California  Lane 

There  were  no  problems  found  at  this  location,  and  therefore  no 
improvements  are  needed. 
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Southbo rough 

Route  9  at  Oak  Hill  Road/Central  Street 

Many  of  the  approaches  at  this  intersection  are  operating  at  a 
very  poor  LOS,   indicating  that  a  geometric  change  is  warranted. 
However,   there  is  no  room  for  widening  either  Oak  Hill  Road  or 
Central  Street.     Use  of  the  breakdown  lane  on  Route  9  for  right 
turns  would  not  affect  the  operation  of  this  intersection,  since 
right  turns  are  a  very  small  percentage  of  the  through  traffic. 
The  only  improvement  which  could  be  identified  for  this  location 
was  to  optimize  the  signal  timing. 

Route  9  at  White  Bagley  Road 

The  signal  at  this  location  is  not  optimally  timed.     In  the  AM 
peak  the  green  time  is  not  distributed  correctly.     In  the  PM  peak 
there  is  no  major  LOS  problem.     Retiming  this  signal  would  help 
the  traffic  flow. 

Route  9  at  Crystal  Pond  Road 

As  at  many  locations  on  Route  9,   the  traffic  signal  here  is 
biased  in  favor  of  the  minor  street.     A  more  equitable  signal 
timing  would  greatly  improve  Route  9  traffic  flow. 


3.2     RECOMMENDED   IMPLEMENTATION  PLAN 

The  recommended  program  for  Route  9  in  the  short-term  would  be 
implemented  in  four  steps. 

First,  whether  or  not  the  signal  equipment  at  an  intersection 
will  be  replaced  (in  step  two),  new  signal  timings  should  be 
developed  and  implemented  so  that  the  existing  equipment  is  used 
to  its  maximum  capability.     This  step  is  an  immediate-action  step 
that  does  not  require  the  purchasing  of  any  equipment.  Traffic 
counts  would  not  need  to  be  collected,  as  CTPS  has  compiled  these 
already . 

Second,  new  traffic-signal  equipment  should  be  purchased  and 
installed  as  indicated  below.     Note  that  in  each  case  where  the 
purchase  of  a  new  controller  is  indicated,   new  detector  equip- 
ment should  be  included.     With  the  installation  of  new  equipment, 
the  signal  timings  would  be  modified  as  appropriate.     In  order  to 
insure  a  high  degree  of  reliability  in  coordination  systems,  new 
controllers  should  be  purchased  for  all  coordinated  intersections. 

Wellesley 

A  new  traffic-signal  controller  for  the  Worcester  Street/ 
Wellesley  Fire  Barn  intersection  with  Route  9  should  be 
purchased.     A  coordination  system  should  also  be  purchased 
to  coordinate  this  signal  with  the  one  at  Oakland  Street. 
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A  traffic  beacon  for  the  intersection  of  Route  9  and 
Westgate  Street/Oak  Street  should  be  purchased. 

A  new  traffic-signal  controller  for  Route  9  at  Overbrook 
should  be  purchased.     A  coordination  system  should  also  be 
purchased  to  coordinate  this  signal  with  the  one  at  Oak 
Street  in  Natick. 

Natick 

A  new  traffic-signal  controller  for  the  intersection  of  Oak 
Street  and  Route  9  should  be  purchased  and  coordinated  with 
the  Overbrook  intersection  in  Wellesley. 

New  traffic  controllers  and  a  coordination  system  should  be 
purchased  for  the  Dean  Street  and  East  Road  intersections. 
These  two  locations  should  be  coordinated  with  the  signals 
at  West  Road  and  Caldor's  Road  in  Framingham. 

Frami  ngham 

New  controllers  for  the  West  Road  and  Caldor's  Road  inter- 
sections should  be  purchased  and  coordinated  with  the  equip- 
ment at  the  East  Road  and  Dean  Street  intersections  in 
Natick . 

A  new  controller  for  the  intersection  of  Prospect  Street  and 
Route  9  should  be  purchased. 

The  third  step  is  to  implement  the  remaining  recommendations 
described  in  chapter  3  of  this  report. 

The  fourth  and  final  step  is  to  evaluate,  through  travel-time 
runs,  the  benefits  achieved  through  the  implementation  of  the 
three  previous  steps. 
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